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(54) Intelligent selection system for electrosurgical instrument 



(57) An intelligent selection system for operating an 
electrosurgical instrument for use by a surgeon that de- 
pends primarily on the surgical procedure to be em- 
ployed. The operating mode as well as other operating 
parameters can be controlled by the handpiece chosen 
by the surgeon to perform the procedure. Each hand- 
piece is customized to activate when operated one of 
several preset operating modes of the electrosurgical 



instrument. The electrosurgical handpiece can have a 
removable section permanently incorporating an elec- 
trode adapted for a particular procedure, and configured 
to connect to a common connector attached at one end 
to a cable terminating in an end connector for attach- 
ment to an electrosurgical instrument. A family of hand- 
pieces are preferably configured to removably attach to 
the common connector and thus could use the same 
common connector and cable and end connector. 
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Description |nte „ ig ent selection system 

„ on is directed to an electrosurgicai **^^Z££!&* instrument or apparatus. 

BACKGROUND OF INVENTION ^, ca l dental and veterinarian fields. 

or with a forceps in a bipolar * for reC eiv,ng ^*J-- ^ b|e ^ nnecte d bipolar 

for Radiosurgery which provides on ts front P torsfor receiving the plug I of ac ted he rein 

CUT and CUT/COAG sub-modes, and ac fi « tuse a handpiece while the instrument 

SS -typicalsurgica^ 

frontpanelpush buttons or switc ^ 

cutting to its coagulation mode ^ e ^ sa RF curren ts typically hi the n****^ DC wave form. For most 
radio-frequency (RF) oscillator * ^^T^y^ orm j S fully filtered to produce an ^^.^^j t0 produce the charac- 

switches so that activation of either tne ling f , 00t swito h that can be usee, y , t0 sucn a 

or cut/coag, or hemo, but also may requ-re ra ft fe 

electrosurgicai injuries may have occurred 
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chosen procedure 

SUMMARY OF INVENTION ^ ^ e , ect rosurgical instrument for use 

[00071 A principal !^ nr^n'arih^on'the ^ r 9^''p^^^^^^*^^'ugg 5y the surgeon that depends primarily 

EEr-^r--^-^^^ 1 
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power setting that is desired for carrying out that particular procedure. 

[001 0] Another object of the invention is a handpiece for an electrosurgical instrument that eliminates or reduces the 
chance of the surgeon choosing the incorrect or less than optimum electrode for the surgical procedure to be employed. 
[001 1] A further object of the invention is a handpiece that is dedicated to a particular procedure. 

5 [0012] These objects are achieved in accordance with one aspect of the invention by a novel what may be termed 
intelligent electrosurgical system that incorporates one or more sets of stored or preset operating modes and conditions 
that allows the surgeon to select a particular set customized forthe particular procedure to be carried out. So if procedure 
A is to be carried out, then set A is automatically selected, set A prescribing the electrosurgical mode of operation and 
one or more of the mode conditions specific to the selected procedure. Similarly, if procedure B is to be carried out, 

10 then set B is automatically selected, set B prescribing the electrosurgical mode of operation and one or more of the 
mode conditions specific to the selected procedure, and so on. 

[0013] In principle, the selection system can be implemented by operating a multiple-position switch or switches on 
the front panel of the instrument, each switch or switch position being associated with one of the stored sets of operating 
modes and conditions. However, in accordance with a preferred feature of the invention, the selection is incorporated 
15 at least in part into the handpiece chosen by the surgeon. While it is possible to build into the handpiece a fingerswitch 
for each of the stored sets of modes, this has the disadvantage that if the surgeon presses the wrong fingerswitch, 
then the wrong operating mode for the current procedure may be inadvertently selected. It is therefore preferred in 
accordance with another feature of the invention to provide a family of intelligent or smart handpieces, each dedicated 
to a particular procedure. 

20 [0014] In this preferred embodiment of the invention, each dedicated handpiece has incorporated in it means for 
generating a unique control signal that when processed by a computer in the electrosurgical instrument will automat- 
ically select that particular set of mode conditions specific to the procedure to which the handpiece is dedicated. There 
a number of different ways in which this feature can be implemented and the description that follows will describe 
several of the ways. 

25 [001 5] It is also possible to go to the next step and control the appearance of the handpiece, for example, by color- 
coding, so that the surgeon understands that a specific colored handpiece is associated with a specific procedure, 
which will further minimize the possibility of surgeon error. 

[001 6] As a further feature of the invention, instead of providing handpieces which can typically receive one of several 
interchangeable electrodes, the electrode appropriate for the specific procedure can be molded into the intelligent 
30 handpiece and made a permanent integral part of the handpiece, further minimizing the possibility of the surgeon 
choosing the wrong electrode for the specific procedure. 

[0017] In still a further preferred embodiment, the handpiece construction is similar to the standard two-fingerswitch, 
three-terminal handpiece used heretofore except that means are included in the handpiece such that, when a first 
fingerswitch is activated, a first current level signal is outputted and when a second fingerswitch is activated, a second 

35 current level signal is outputted, both preferably from the same terminals. The means are chosen such that a C in the 
instrument can distinguish the two current levels and activate the appropriate operating mode, for example, a cut mode 
for that particular procedure or a hemo mode for that particular procedure. In a preferred embodiment, the surgeon 
has available a family of such handpieces each configured and adapted for either the same procedure, as for example 
different shapes or sizes of electrodes, or for a different procedure in the surgeon=s specialty. So, for example, if 

40 procedure A is to be carried out, then handpiece A is selected which includes the electrode that the surgeon deems 
best for that procedure. Similarly, if procedure B is to be carried out, then handpiece B is selected which includes the 
electrode that the surgeon deems best for procedure B. Fewer electrode errors are possible, in another preferred 
embodiment, because the handpiece may be labeled for that procedure or otherwise visually distinguishable from other 
handpieces, as, for example, by shape or color-coding, and the optimum electrode for that procedure is already pre- 

45 attached to the handpiece. While this arrangement seems to imply greater cost, as multiple handpieces are required 
to cover all the procedures that the surgeon typically performs, the cost to manufacture each handpiece is far below 
that of the standard handpiece and so the overall cost may not be significantly greater, keeping in mind the comfort of 
knowing that errors are less likely to occur. 

[0018] In yet a further preferred embodiment of the invention, to further reduce costs, the handpiece comprises a 
so common connector attached at one end to a cable terminating in an instrument end connector for attachment to the 
instrument, and at its other end it is adapted to receive and hold and electrically connect to the handpiece proper itself, 
meaning a handle for the surgeon to hold and the attached electrode. Each member of the family of handpieces are 
preferably configured to removably attach to the same common connector and thus could use the same common 
connector and cable and end connector for connecting to the instrument as the source of RF electrosurgical currents. 
55 As a result, the user need purchase only one common connector/cable accessory usable with any of the handpiece 
family members. 

[0019] The handpieces of this feature of the invention are uniquely suited to incorporate the intelligent selection 
system feature of the invention as each handpiece here already has an electrode pre-attached so it is only necessary 
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dedicated handpiece concept. eortio n@ as used herein shall mean the removable handles 

[0020] For convenience of explanation, A handpiece ™™ mQn f or the handles, attached 

Uch holding an electrode. Acab'e^nn*^ 
cable, andendconnectorforthe .nstrument, and Ahandpiece© orMpro 

of the two sections making up a working unit are inted out witn particularity in the claims 

letters signifying the same or similar components. 
SUMMARY OF THE DRAWINGS 
[0022] In the drawings: 

the electrosurgical instrument; handDiece according to the invention; 

Fig. 8 is a partial perspective view of one torn SSS5I» the invention; 

Fig. 9 is a circuit schematic of one form of 4-butt be interlaced to a microcontroller in the 

Fig 10 is a block diagram showing how the handpiece of Fig. 9 can be 

SbTKSTSSE^ how the e.ectrosurgfcal instrument can be programmed to operate w*h smart 
Z^^^^Z^ * another embodiment of an electrosurgical instrument according to 

Fig'. 5 s a to'p view of another side of just the section of Fig. 1 5; 

i show'n without the cabie of the 

F^TaSdl. oross-sectiona, view of just the e.ectrica.ly-insuiating part of the cable connector section 
of Fig. 17; , ^««th^nnpiQ-iq of the cable connector section of Fig. 17; 

55 JESSES ™ w^ed p« o, M h„*e~ »*n d Fig. «, - W -*H> - 
section along the line 21 -21 of Fig. 24; handpiece section shown in Fig. 24; 

Figs. 27, 28, 29, and 30 are elevational views of different typical forms 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0023] One form of an electrosurgical instrument 10 according to the invention is illustrated in Fig.1 . It comprises a 
system unit 12 having a box-like housing comprising at the front a control panel 14 for the instrument. The control 

5 panel includes touch switches 90 for selecting cutting or coagulation modes and touch switches 18 for controlling the 
power output by increasing or decreasing in steps the power, as indicated by upper and lower digital displays showing 
all 8's. At the bottom are output female connectors 20, 22, 24 for plugging in, respectively, at the left, a fingerswitch- 
controlled unipolar handpiece 26; at the center, a bipolar handpiece or forceps 28; and at the right a single or split 
neutral plate 30. An on-off power switch 32 is at the far right. The circuitry used to provide a fingerswitch-controlled 

10 unipolar handpiece may be of the type described in connection with the control unit 50 of US Patent No. 4,463,759, 
whose contents are herein incorporated by reference, which circuitry is in this case incorporated in the console unit 
12. A connector (not shown) is provided at the side for receiving a conventional footswitch 34. Both the unipolar and 
bipolar handpieces can be simultaneously connected to the system unit 12 and operated in any order without touching 
the system unit or the control panel when the control panel has been preset or activated at the desired powers by each 

15 of the handpieces. For example, if the surgeon determines that s/he is going to perform a cutting procedure with a 
particular electrode, then s/he can set the cutting mode power on the upper digital display to, say, 80 watts by the up/ 
down buttons 18. (Typically, these units are designed to supply up to 100 watts of RF power to either handpiece.) For 
coagulation with the bipolar handpiece, s/he may desire to use, say, 50 watts, which can also be set on the lower digital 
display by the up/down buttons 18. In this first embodiment, the Internal circuitry is controlled in a known manner so 

20 that, when the fingerswitch unipolar handpiece is used, then RF power can be supplied to the electrode in the unipolar 
handpiece when a fingerswitch 36 on the handpiece 26 is depressed. However, when it is desired to use the bipolar 
handpiece 28, then the footswitch 34 is depressed, which then supplies RF power to the forceps of the bipolar hand- 
piece. This result is a consequence of software control such that, while the machine mode is selected such that the 
f ingerswitches on the unipolar handpiece can be used to apply power to the electrode (footswitch mode non-selected), 

25 only the footswitch can be used to apply power to the bipolar handpiece. This prevents power selected for the unipolar 
handpiece to be applied to the bipolar handpiece, and vice-versa. On the other hand, when it is not intended to use 
the bipolar handpiece and the footswitch mode is selected, then the footswitch can be used to operate the unipolar 
handpiece. 

[0024] One form of the RF circuitry to achieve the foregoing operation is illustrated in the block diagram of Fig. 2. 

30 The block 40 in the upper left contains two independent conventional RF oscillators generating, preferably, RF oscil- 
lations at 8.0 and 3.42 MHz respectively. As will be explained in greater detail below, the arrow 42 labeled CPU rep- 
resents a selection signal generated by a conventional microcontroller under software control and inputted into the 
block 40 to select for operation either the 8.0 MHz oscillator or the 3.42 MHz oscillator. Both oscillators are constantly 
on when the power switch is activated, and the CPU selection 42 determines which of third (8.0 MHz ) or fourth (3.42 

35 MHz) frequencies are outputted to the divide-by-2 block 44, resulting in an RF carrier 46 at either the first (4.0 MHz) 
or the second (1.71 MHz) frequency. That carrier is then pre-amplified in block 48 and inputted to a conventional 
modulator stage 50. Also input to the modulator stage is a modulating signal 52 derived from a CPU selection signal 
54 and a D/A converter 56. The modulations referred to are the different output waveforms used for the known CUT, 
CUT/COAG, HEMO, and FULGURATE modes. These typically are: CUT -CW (full-wave rectified and filtered) output 

40 with maximum average power; CUT/COAG -full-wave rectified but unfiltered, deeply modulated, at 37.5 or 75 Hz rate, 
envelope with approximately 70% average to peak power ratio; HEMO- half-wave rectified and unfiltered, deeply mod- 
ulated, at 37.5 or 75 Hz rate, envelope with approximately 35% average to peak power ratio; FULGURATE (orSpark- 
Gap Wave)-deeply modulated, 3.6 KPPS random rate with approximately 20% average to peak power ratio. Selection 
of the bipolar mode will automatically select the HEMO mode. The invention is not limited to these quantities. 

45 [0025] The RF power generating circuitry may be of the well known tube-type described in US Patent No. 3,730,1 88, 
whose contents are herein incorporated by reference, which is capable of generating a fully-rectified, filtered RF current 
for cutting, a full-wave rectified current for combining cutting and coagulation, and a half-wave rectified current for 
coagulation. Alternatively, the RF power generating circuitry can be of the well-known solid-state type capable of gen- 
erating the same kinds of waveforms. The RF circuitry, as such, is not part of the present invention, as such circuits 

so are well-known in the prior art. In this case, the RF circuitry provides two different frequencies of operation, a first high 
frequency in the range of 3.8-4.0 MHz, and a second high frequency in the range of 1.7-2.0 MHz, which is easily 
obtained by providing a known RF generator that provides outputs at these first and second higher frequencies and 
providing a simple known divide-by-two circuit for obtaining dual outputs at one half of the first or second frequency. 
Both outputs can be separately amplified and processed and made available at the console's output connectors de- 

55 pending on the switches activated. The present invention is not limited to the dual-frequency output operation. 

[0026] After the modulated carrier has been generated at 58, it is processed through a standard driver 60, a trans- 
former 62, and a power amplifier 64 controlled by a bias signal and whose input is monitored for safety's sake by a 
power tester circuit 66 under control of the CPU. The power amplifier output 68 is inputted to a mode selection block 
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70undercontrolofas ,_ 

bypressingsw^ 

made in conjunction with the selection 42, directs the output RF energy » indicators and preve nt,ng both 

78 Both branches contain an isolation transformer 80 an . sensor 82 to, 9 ^ ^ ^ RF energy, 

inches from being actuated at the umj- *j£ energy P the monopolar branch is disabled, 
the bipolar branch is disabled, and when the b.pote ^sensor a respectively. n _ 

The outputs 84, 86 shown at the right are directed to th ""jg^fc the user supplying the switch inputs. One form 
[0W7] Inthis embodiment, the Instrument is •^."J^"? ^ the on-off switch 32 is toggled on, the 
5 soLre con t ro , is illustrated by the fiow chart dep cted " ^ 3 ^ ^ by ^ u 

microcontroller (not shown) is placed in its •^^^SS^oL the front panel, then pressing the upper o 
Tselect cutting mode or coagulation mode by p^^^ 

lower select switch 1 6 which determines wh.ch of the cuffing " ° 8 FULGURATE) or bipolar mode The 

modi is selected, the lower select switch 16 is "f^^EfootBWteh mode selection 90fora,. un- 
Tgerswitch handpiece 26 operates exclus.vely of and ind P ~ J^ d at all times at one of the sockets 20, 22. If 
pofar modes. This ensures that RF currents are avatable ^ely an |f ft ^ has 

P n° 0 such user action has occurred tested M« ^.^XL lower swKch 1 6 has sele*^ t e blpofc 

can be made available at the bipolar handpiece socket 

RF energy is supplied to the bipolar handpiece socket 2* e the 4 . 0 MHz earner * 

m0281 ^ the bipolar mode was not selected at test b ^ ^ then Jhe c, ry 9 

Sed at block 1 08, and control passes tc ,a series |^^ 1 J^ 0 , ia ^^lo W i^as16.w^ 
CUT HEMO or FULGURATE modes have been selected by the user w m ^ ^ wa£ pressedi 

fhenpro^etheRF energy -«rJSS^«^^ 

Cglnd plate 30 is aiways attached to the 

Sbpolar handpie'ees are plugged into the 

be preset as desired. Then whichever handpiece is picked up ,bM l open y ^ ^ foQtswIt n act . 

wrtiksh is supplied with the appropriate RF c " rr ^" cun-ents aUhe^ower setting manually selected by ® 

vated the bipolar handpiece will be supplied wrth 1 .7 ™ ( ^switch 36 activated, the unipolar handpiece w.ll 

40 an aromatic mode is incorporated that is de ^ ,ne p ^^S d models selected by plugging an in ell.gent 
handp'^ 

handpiece into the instrument. One example of «f ^^^J^ handpiece 1 10, with certain changes added 
[00 31] inthisexample.thehandpiece^ conn ^ ctor or terrnina | 112 which m twa- 

in accordance with the invention, explained below, co nnetfea to * * ^ dt0 orap artof, as is more common, 

45 con^ec^ 

a convelnal eLtrosurglcal instrument 11 8 of the ^*"5J^^S« high-frequency megacycle range, 
prises an RF generatorwith the usual circuits to general •^TJ™ the shape of the waveforms for various 
fo example 1-4 MHz, and also includes various court components to control P ^ be made by 

operZ modes, including the cutting and coagulation mode as above desenbe electrosurgica , instru- 

££J£JL -20. 1221.,™* -«*»■ is W** -"»*•-» "» ** 
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120, 122 are also connected to the other two of the three terminals on the connector 112. 

[0033] Fig. 5 shows the internal circuitry of the handpiece 110. The chuck 124 and line 130 carry the RF currents 
within the handpiece housing 111 to the electrode when inserted in the chuck 124. This uses the bottom terminal of 
the connector 112. The upper two terminals are connected inside of the housing 1 1 1 as shown to the two f ingerswitches 
5 120, 122. A resistor 132 is also mounted inside the housing 111. As will be observed, when switch 120 is closed, the 
circuit bypasses the resistor 1 32; however when instead switch 1 22 is closed, the circuit through the upper two terminal 
includes the resistor 132 in series. 

[0034] As schematically indicated in one embodiment illustrated in Fig. 6 for identifying the inputted control signal, 
the top terminal is grounded for safety's sake and together with the bottom terminal connected to an isolation transformer 

10 136 which in turn is coupled to the RF oscillator. The center terminal is connected via a current limiting resistor 138 to 
a DC voltage source 1 40 which provides a DC current to a DC amplifier 1 42 whose magnitude is determined by which 
of the two fingerswitches are activated. When fingerswitch 120 is pressed, which bypasses the resistor 132, a higher 
level of DC current is fed to the amplifier 142. When fingerswitch 122 is pressed, which includes the resistor 1 32 in the 
circuit, a lower level of DC current is fed to the amplifier 142. The C is adjusted to distinguish between the two DC 

15 current levels and in a known way to activate one or more of its outputs which will select the desired operating mode 
that has been associated with the corresponding fingerswitch. Alternatively, the output from the amplifier 142 can be 
inputted to a DC comparator to which a reference current is supplied, with the comparator determining, as is well 
known, whether the input current is below or above the reference, with the comparator outputting, say, a "1 " when the 
output current exceeds the reference, or a "0" when the output current is below the reference. The C can then be set 

20 to respond to the digital "1 " or "0" to select the operating mode. 

[0035] In the preferred embodiment, the left fingerswitch 120 is used to select the cutting mode, and the right finger- 
switch 122 is used to select the coagulation mode. 

[0036] As will be observed, by the simple expedient of adding one or more small resistors 1 32 to the standard hand- 
piece to change the DC current level established depending upon which of the two fingerswitches are activated, while 
25 continuing to use the standard three-terminal connector, it is possible to provide a simple DC output from two terminals 
which is easily interfaced to a standard C to control the operating mode of the electrosurgical instrument. The use of 
a DC circuit eliminates the possibility of noise or other interfering signal from the RF currents at the third terminal that 
can cause accidental mode switching. 

[0037] Fig. 7 illustrates another preferred embodiment in which the cut and coag waveforms are generated in a 
30 somewhat different manner. In this embodiment, a conventional RF oscillator 150 generates a continuous wave (CW) 
output that is fed to a conventional mixer 152. The latter is controlled by a microcontroller 156. The microcontroller 156 
in turn receives a low-level control signal or a high-level control signal from the handpiece 1 1 0 depending upon whether 
fingerswitch 120 or 122 is pressed. The microcontroller 156 may be software controlled, and in response to the hand- 
piece signal input causes the modulator to produce no output or a signal at a 100-120 Hz rate which is ON for approx- 
35 imately one-half the cycle and OFF for the other half. The mixer 1 52 thus outputs, when no modulator signal is inputted, 
the unmodulated CW output for the cut mode; and when the described 1 00-1 20 Hz signal is inputted, the mixer outputs 
a deeply-modulated RF carrier envelope with an average to peak ratio of about 50% for the coag mode. 
[0038] In this second embodiment, the output waveform is no longer dependent upon the power supply. An AC control 
current can be used in place of the DC current, at a voltage of about 5 volts at a frequency of about 300-500 KHz, 
40 which is below the megacycle range of the RF output to minimize interference. 

[0039] In a further preferred embodiment of the invention, the current level controlling means is a simple impedance, 
preferably a resistor, mounted in the handpiece and connected to the two fingerswitches such that it is in or out of the 
circuit depending upon which fingerswitch is activated. 

[0040] Besides low power and low cost, the fingerswitch mode controller of the invention is easily operable with 
45 relatively low frequency AC or direct currents (DC). This is important because the control circuitry that carries the two 
AC or DC levels of current is housed is the same pencil-type handpiece that includes the line carrying the RF AC 
currents which is a possible source of RF interference with such control systems for mode selection. For safety's sake 
it is important that no accidental undesired switching between the two modes occurs while a surgical procedure is 
being carried out. In addition, the system of the invention offers the advantages of accessibility and versatility, providing 
so the surgeon all the benefits of fingerswitch selection of either electrosurgical mode. 

[0041 ] The preferred embodiment uses a 1 00 ohm resistance for the mode selection resistor 1 32. With an AC current 
established at the upper two terminals of about 70 mA when the fingerswitch 120 is closed, when instead the finger- 
switch 122 is closed, the introduction of the series resistor 132 reduces the DC current to about 3 mA. This difference 
is sufficient to be detected and when amplified or digitized can be used to control the C. However, it will be apparent 
55 to those skilled in the art that the choice of resistance depends upon a number of factors including the type of C used 
and the circuit components between the C and the handpiece, and other resistance values would be appropriate with 
other circuits and is deemed within the scope of the invention. The benefit of the 1 00 ohm resistor is that, as a small 
wattage component, it is very small and easily fitted within the pencil-like structure of the housing 111 , which typically 
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control signal to operate a C wh.ch ^. "J^J^SS symbol tor a microcomputer C is also used herein 
operating currents to the handpiece. It will be underst °f ^ y ajn for a „ pract j ca | purposes the same com- 
to'sgnify a microcontroller, commercial •^^JJitft- embodiments, a first button of the 
puting elements including a ROM to store a P^'^^^to.eleot bipolar opentfon. The .n«r^ 
handpiece is used to select unipolar operation and a s ^ b ^^ h one or more additional buttons. Fig. 8 ,Hus- 
is not limited to two-button handpieces but also .ncludes Jj*^^ 2 internal impe dances and the standard 
trates the internal construction of a ^^^^^S^ lm 3 internal impedances, an internal non- 
3-terminal output, and Fig. 9 is the schemata of a 4-button hanop ec fc show one 

volatile memo^, eg., an EEPROM, and a ^^^'"^^^^i^^^e'hotd^l 58, three finger switches ^^OpQ 

ssrrrar 

boards 172, 173 can also be mounted below " ^^J^^swi^w wlh 3 impedances R1-R3 in the 
[0044] Fig. 9 illustrates one possible ^^^^^Z^ to increase the number of control signals 
wm of resistors In this embodiment, a 5-termmal connector 174 6 P™aeu t0 be explained 

hL^ 

Sisunderst^ 

As is well known in the C used In watches the same button hdM ey can d ^ Q ^ ^ k 

K ed Ab.oc k diagram gating 

Siment, the C 178 is connected via erasable read only memory) incor- 

30 1 78 can communicate through a serial P"^^^^ the processor 178 from RF noise generated 
porated inside the handpiece l. 80 ^ 0 ^ can be read from and written to by the 

while the instruments output is active. The ™™V} 8 * ™ ratio „ and operational information, 
processor 178 to allow the handpiece to f^J^^Z^eZ be actually implemented in the instrumen 
foo461 A further example of how the selected mode , powe r, wouth b rerne mbering orsett.ng modes 

35 »atedbythe«^ 

an power levels but must cooperate With the ^^^^^ manufactured by the E.lman 
above. It will work with the Surgitron IEC II ^^^SS^ long as the current system has been appro- 
company but is obviously not limfted to use ™ 
priatelymodifiedtolncludethe necessary p^rar^^ 
40 are illustrated in the flow chart of Fig^ 11 ■ The ^run HP**J he M ^ ^ jgured 1 86> tne program 
referred to for brevity herein as "probe", has been connected h program loops back to 

Shea to block 1 87 to check whether a probe has ^^^^^^ the system is configured. If 
b ock 1 87 If the answer is yes, the program falls through to ^ k J n B .^TO alesses the internal EEPROM 1 82, 
me answe r s no, then, under control of the program, the system co ntro ^ ^ } ^ correct mode and 
reads 1 89 the EEPROM settings, and at block ^ ^p"^^^ then to block 1 88 and branches to the right to the 

Sand what modes they initiate. A probe could be _configu ed to al tow a unit to w y ^ ^ ^ 

P and couto also be configured to allow ^j****^ Jg^S "umber of'uses or elapsed time of use 
m0 de. in addition, the probe memory 182 ^ * its reliability. When a probe has run out 

functions. A new probe might besetto 50 "^J. ^ 

of time/uses it could be recharged »W"iJE2SlSaX^ ^ . Tne har dware used to interface the 
?°d^^ 

del^lS^ 
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different ways in which a handpiece key press or 2 key presses can seiect the mode and conditions of a particular 
procedure. The simplest way is to incorporate in the instrument a conventional look-up table that contains the mode 
and operating conditions for a number of different procedures, with the look-up table responding to a particular control 
signal (key) from the handpiece to vector to a subroutine which, equivalent to the surgeon's activation of the front panel 

5 switches, automatically switches the electrosurgical instrument to the correct mode and sub-mode and automatically 
sets the power to a specific value or to allow a specific range of values that will not harm the patient. A timer can also 
be included in the electrosurgical instrument so that the ON time of the instrument does not exceed a maximum time 
for the application of electrosurgical currents to the patient undergoing that procedure. As one example, a handpiece 
can be provided that is tailored for surgical procedures carried out with the instrument set at the cutting mode and the 

10 Cut or Cut/Coag sub-mode. The handpiece has incorporated in it a known blade electrode. For many cutting proce- 
dures, a typical power setting for tissue incisions is, say, 1 0 Watt, and a typical cutting duration rarely exceeds 1 0 sec. 
The handpiece tailored for cutting has a resistor of say 40 ohms connected to finger switch-2, and a resistor of say 30 
ohms connected to finger switch-3. So, when finger switch-2 is pressed, a control signal of, say, 20 mA is sent to the 
instrument housing the C and when finger switch-3 is pressed, a control signal of 30 mA is sent to the instrument 

*5 housing the C. 

[0049] Referring now to Fig. 1 2, which shows a schematic block diagram of an electrosurgical instrument according 
to the invention, inside the housing is a conventional analog-to-digital (A/D) converter 300 which converts the received 
control signals to a digital number representing a key to the look-up table. The digital number generated by the A/D 
converter when receiving a 20 mA signal and that generated when receiving a 30 mA signal are different and each 

20 corresponds to a different entry or key into the look-up table and thus a different subroutine is executed depending 
upon whether the control signal comes from the second or the third finger switch. The key outputted from the A/D 
converter is inputted to the look-up table 302 which, as illustrated below, could store three data items that are outputted 
to the RF generator 304 of the instrument. The first 306 is the mode-select signal which switches the RF generator to, 
say, the Cut mode. The second 308 is the sub-mode-select signal which switches the RF generator to, say, the Cut 

25 sub-mode. The third 310 is the power select signal which switches the RF generator to the desired power setting. In 
this particular case, assuming that finger switch-2 is associated with a Cut sub-mode at 1 0 Watt, then the outputs from 
the look-up table switch the instrument into the Cut sub-mode, and sets the power setting at 1 0 Watt, and, of course, 
in the usual way the activation of the finger switch causes the C to execute the program illustrated in Fig. 3 resulting 
in the application of 4 MHz electrosurgical currents to the active electrode mounted at the end of the handpiece. A 

30 similar action takes place when finger switch-3 is pressed except that the different control signal when converted to a 
different digital number corresponds to a different entry or key into the look-up table resulting in switching of the instru- 
ment to the Cut/Coag sub-mode with a power setting of say 1 5 Watt. If desired, the look-up table can also incorporate 
a data item representing a duration not to exceed a fixed amount. 

[0050] The mode selection and power settings is a straight forward implementation using the principles and circuitry 
35 described in connection with Figs. 1 -3. The look-up table is an example of a database as a set of records each including 
an identifying key to uniquely identify the record. In the relatively small database involved here, it can be implemented 
as an unordered list in which any record is easily accessed by inputting an identifying key which then outputs the 
record. The key here is the control signal generated by a particular key press, converted to a digital number, and the 
record outputted could be, for example, a digital word the individual bits of which or combinations of bits represent a 
40 mode, sub-mode or mode condition (explained below). Alternatively, the database can be implemented as a table of 
records indexed by identifying keys, either as a 1 -dimensional table or as a list of records. In either case, the inputted 
key produces a unique output record. The specific way of accomplishing outputting of records upon inputting of keys 
is not part of the present invention and is well known in the art. 

[0051] Assuming the outputted record is a 16 bit word stored in a free register in the C, t h en the C can easily be 
45 programmed to access the bits to select specific modes and conditions. For example, the first bit can represent by a 
0 the cutting mode and by a 1 the coagulation mode; the 2 nd and 3 rd bits can represent cut by 00 and cut/coag by 01 
in the cutting mode, and in the coagulation mode 0 as hemo, 01 as fulgurate, and 1 0 as bipolar. The power setting can 
be represented by the 4 th , 5 th , 6 th , 7 th , and 8 th bits. Five bits can represent 32 different power settings. Assuming a 
power range of 1 -64 watt, then 32 settings in that range separated by 2 watt intervals can be defined by the five bits. 
so if finer divisions are required, 6 bits will define 64 different possible settings. Without a timer, then, even an 8 bit word 
will suffice. If timer settings are required, with finer power divisions, 7 bits of a 16 bit word will remain to define the 
duration settings which typically range from 1 -50 sec. Similarly, by going to a 32 bit word, common in today's technology, 
then 16 bits will be available to select other conditions. Possibilities include: 1) in several procedures, it is common to 
irrigate the tissue cut or ablated. These additional bits can be used to turn on and off an irrigation pump supplying fluid 
55 to a tube mounted on the handpiece; and 2) it is also common to apply suction to the surgical site to remove undesirable 
plumes and odors. These additional bits can be used to turn on and off a vacuum pump supplying suction to a tube 
mounted on the handpiece. 

[0052] In the latter embodiment, the database was incorporated inside the electrosurgical instrument, and the access 
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functions as desired. Each handpiece has one or more buttons to activate the elect rosurgical generator. The 3-button 
handpiece is one example of how a handpiece may control more than just one pre-set function. The smart electrode 
handpiece may have as many button switches as required to control the variety of pre-set functions by installing the 
corresponding impedances into the smart handpiece. 

s [0057] The output from the smart or intelligent handpiece derived from the impedance is an analog voltage whose 
value is determined by the value of the impedance, which may be, for example, a resistor. The resistor analog voltage 
may be converted in a conventional A/D convertor to a digital number for the purposes taught above. However, the 
resistor is not a unique selection. The sensor can be any passive and/or active element that includes resistor, inductor, 
capacitor, transistor, and even an integrated circuit. 

10 [0058] The C processes the received analog sensing signal/voltage through the A/D converter, and then matches 
the signal to a pre-set function. This can be done in the ways indicated above or in other ways. Besides the look-up 
table, a stored software program with a routine dedicated to that predetermined-set function in the C is another preferred 
embodiment. When the program routine selected is executed, the C can send out a digital signal to a digital-to-analog 
(D/A) converter to control an active circuit in the electrosurgical instrument to generate the specified waveform and its 

is power level. One way of doing this has already been described above in connection with Figs. 1-7. In summary, in this 
embodiment, the impedance in the smart electrode handpiece will output a control signal in the form of a different 
potential or voltage detected by a sensing circuit within the electrosurgical generator. The voltage is the signal to inform 
the C to fetch the pre-set function from ROM or in the software program, and then to execute the function. The receiving 
circuit in the instrument merely functions to read in the voltage or current change caused by the impedance and pass 

20 jt on to the A/D converter for subsequent processing. 

[0059] As described above, the table can be a look-up table stored in a ROM chip, or can be software routines in 
the :C. Each record or routine represents each impedance which corresponds to a specific pre-set function. However, 
the pre-set functions are not limited to the listed functions in the table. They can also include radio frequency applica- 
tions, a temperature controller, timing duration, hertz stimulation, ultrasonic levels, and other sorts of output signals. 

25 [0060] It is preferred that the electrosurgical instrument contains "AUTO" and "MANUAL" modes. The electrosurgical 
instrument will select the pre-set function automatically when "AUTO" mode is selected. Otherwise, in "MANUAL" 
mode, the user gets the freedom to override the AUTO function and manually select a desired output waveform and 
its power level. Also, if the user desires, s/he may program the electrosurgical instrument to set or store this particular 
selection into the C memory. 

30 [0061] It is preferred that the selected function be confirmed to the physician after the selection has been made in 
the same way that happens upon MANUAL selection, namely, the instrument will display the pre-set function on the 
display panel to inform the user of its current mode and output setting. 

[0062] Fig. 13 is a block diagram illustrating one form of program for activating the MANUAL or AUTO mode of the 
instrument. The electrosurgical unit is at its initial state - standby mode 200 - waiting for instruction from its terminal 

35 connector connected to the selected handpiece. The electrosurgical unit will sense from the control signal inputted by 
a handpiece button press whether AUTO or MANUAL has been selected. For example, one button of the handpiece 
can be dedicated to the MANUAL mode. Alternatively, if a look-up table is employed, one record selected can have 
only a single data item which tells the instrument that MANUAL mode has been selected. If it is MANUAL 202, then, 
the unit will adjust itself to the MANUAL mode 204 for further instructions from its front panel. If AUTO has been selected, 

40 the program takes the left branch to block 206 to process further inputs from the handpiece. If an improper selection 
208 is made, the program returns to waiting block 206. When a selection has been made by a correct button press, 
the program branches to the routine 210 that reads the control signal and in block 212 compares the choices made 
against the values stored in the look-up table for validity. If, for example, too much power was indicated, the program 
branches to the left branch 214 and then to a routine 216 that attempts to make an appropriate adjustment. If this is 

45 impossible, the program returns to the waiting block 206 for another input. The improper input can be displayed to the 
user at block 21 8. If the signal is OK, the program takes the right branch which sets the correct instrument mode and 
sub-mode and prepares 220 to deliver the selected electrosurgical currents to the electrode attached to the handpiece. 
At the same time, the current modes and power setting can be displayed to the user via block 222. 
[0063] The signal confirmation or validity check made at block 21 2 is present to control and enable the pre-set output 

so power block220. This is an important safety feature of this invention. Double-checking the pre-set output power ensures 
the quality and quantity of output power signal to be delivered for the procedure. This will reduce or prevent any problems 
from a component fault in the instrument or any uncertainty of the output power. If the confirming signal is not received, 
the output power port will disable the power output. 

[0064] Several examples to illustrate how specific procedures determine the operating mode are as follows: 

55 

I. The procedure for treating telangiectasia (the light facial spider veins located on the facial, eye or nose areas.). 
The correct waveform for this procedure with the instrument described in the referenced patent is the partially 
rectified waveform, i.e., the Coagulation mode and Hemo submode. The preferred power setting is 1 or % watt. 
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along one side of a round handle or with a longitudinal section of the handle that is differently colored. In other words, 
any structure or color that makes the handle non-circular symmetric can be used to inform the surgeon of the handle 
position in his hand relative to a particular electrode that is also non-circular symmetric. In the embodiment illustrated 
by the cross-section of Fig. 20, it will be noted that the widened end 459 of the body has two wide arcs 460 on opposite 
5 sides and four smaller arcs 462 between. As a result, the user using the widened end 459 can still determine electrode 
orientation by his hand grip on the handle. 

[0072] Returning now to Fig. 14, on its right side the handpiece section 418 has an end portion 440 configured to 
engage for mounting and to electrically connect to the cable-connector section 41 2. Various shapes and structures are 
suitable for this purpose. A preferred construction uses a recessed male connector 442 engaging a suitably-sized 

10 recessed cylindrical female connector 444 when the two sections are engaged. The recessing of the male 442 and 
female 444 connectors within, respectively, a high-pressure molded electrically-insulating sheath 446 on the handpiece 
section and a similar molded body 448 on the cable-connector section, for example, of high-impact nylon or similar 
plastic, is an important safety feature to avoid personnel accidentally touching a live electrical part during the procedure. 
Thus, it becomes possible with complete safety for the surgeon or his assistant to switch the handpiece section 418 

'5 at any time during the procedure. Preferably, the handpiece section 41 8 has a widened end 450 followed by a reduced 
diameter section 452 which is sized for a smooth and snug fit without wobbling within a receiving section 454 at the 
left end of the cable-connector section (Fig. 1 9). When the reduced diameter section 452 engages the receiving section 
454, a good electrical connection is automatically established between the female conductor 444 and the male con- 
ductor 442, which preferably is shaped as a banana plug for better contact. The molded electrically-insulating part 454 

20 is shown alone in Fig. 1 8, and comprises an internal shoulder 456 and an internal screw thread 458. The banana plug 
442 can be obtained with a screw base 464 which can be screwed into the internal thread 458 to secure the plug 442 
in place (Fig. 19). The plug 442 has a flange that seats against the shoulder 456. While not shown in Fig. 19, in the 
assembly process, the bare end of the cable 414 would be soldered or otherwise secured in good electrical contact 
inside the plug fitting and then the wire from the left side passed through the free end of the section and assembled to 

25 the predetermined-molded body 454 until the plug screw encounters the internal thread 458 and the latter screwed 
together until the plug engages the shoulder 456 to securely mount the plug and cable within the electrically-insulating 
body 454. Afterwards, the connector 416 can be attached to the opposite cable end. So, in the case of the cable- 
connector section 412, its body 454 is pre-molded before the banana plug 442 and cable 414 are assembled. In the 
preferred case of the handpiece section 418, a metal hollow tube 470, for example, of stainless or brass, is provided 

30 (Fig. 25). It has a widened hollow end 472 which surrounds the female connector 444. An electrode 474, in this case 
a metal ring, is crimped hard 475 within the left end of the hollow tube 470 (see the cross-section of Fig. 21) so that a 
secure connection results, and then a plastic sheath 446 is injection-molded around the tube 470 as shown in Fig. 22. 
The crimping should be sufficiently hard to prevent the electrode from inadvertently rotating during use. The crimping 
is preferred as it avoids the use of solder and thus allows a stronger body to be provided by high-temperature injection 

35 molding. The entire metal tube 470 is buried within the electrically-insulating sheath 446 except for the bare electrode 
end 474. Note that the electrically-insulating part 446 extends beyond the right end 472 of the tube. In this case, it is 
preferred that the end of the body 446 adjacent the electrode 474 be oval shaped to accommodate the wider crimp 475 . 
[0073] In the Fig. 23 embodiment, the body 478 shape is generally round with a flat side 480 in the plane of the ring 
474. In the Fig. 24 embodiment, the body 482 has a square cross-section with the plane of the ring 474 aligned with 

40 one of the vertices 484 of the square. Fig. 26 illustrates a variation 484 of the metal tube which can be oval shaped, 
except for the widened end 472 which is round to receive the round banana plug 442. It will be evident to those skilled 
in this art that other ways of providing an electrically-insulating handpiece section surrounding an electrical connector 
interconnecting the electrode end and the female connector end are readily devised and are also considered within 
the scope of the invention. These embodiments offer the advantage that it enables the handpiece manufacturer to 

45 mold a procedure-specific electrode into the handpiece thus guaranteeing the correct electrode tip, with the handpiece 
dictating the waveform and power setting. In this case, the electrode is fixed to the handpiece and the handpiece can 
only be used with that electrode in the procedure determined by its incorporated sensor component. It will also be 
understood that the concept of dividing the handpiece into a cable connector section and a handpiece section with or 
without its incorporated sensor component also can be implemented with a removable electrode. 

so [0074] The major benefits offered by the novel handpiece construction of the invention can be summarized as follows. 

1 . A simple unipolar handpiece is achieved that requires no finger switches and is easily operated by the conven- 
tional foot pedal control. 

2. To implement the invention of the intelligent selection system, it is very simple to incorporate a suitable impedance 
55 or other electrical component which will generate a control signal for the electrosurgical instrument to select op- 
erating modes. 

3. A family of handpiece sections is inexpensively provided each with the same configured end section 440 for 
engaging a common cable-connector section 412. 
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An intelligent selection system for an electrosurgical instrument as claimed in claim 1 , wherein each operating 
mode produces a selected one of cut, cut/coag, or hemo electrosurgical currents to the electrode, and/or a selected 
one of a plurality of electrosurgical current output powers to the electrode, and/or a selected one of a plurality of 
time durations of electrode currents to the electrode. 

An intelligent selection system for an electrosurgical instrument as claimed in claim 1 , further comprising a family 
of handpieces each comprising an electrode integral with the handpiece, the electrode of each handpiece being 
customized for performing particular medical procedures, means in said instrument in response to receipt of the 
control signals from each of the handpieces of the family for supplying to the integral electrode RF electrosurgical 
currents in a selected mode customized for the procedure for which the handpiece is customized. 

A intelligent selection system according to claim 1 , wherein the currents supplied to the component means are DC 
currents, or AC currents at a lower frequency than that of the RF electrosurgical currents, and the component 
means comprises different small impedances. 

A handpiece for connection to electrosurgical apparatus and comprising fingerswitches for selectively providing 
cutting mode or coagulation mode electrosurgical currents from the electrosurgical apparatus to an electrode con- 
nected to the handpiece, said handpiece comprising: 

(a) a pencil-like housing, 

(b) at least first and second fingerswitches on the housing, 

(c) means on the housing for receiving and holding an electrode for delivering RF electrosurgical currents, 

(d) means connected to the housing for supplying a control DC or AC current to the fingerswitches, 

(e) means connecting the fingerswitches such that when the first fingerswitch is activated a first DC or AC 
current level is established and when the second fingerswitch is activated a second DC or AC current level is 
established, 

(f) said first and second DC or AC current levels being usable to select an operating mode of the electrosurgical 
apparatus. 

A handpiece according to claim 8, further comprising an electrical connector comprising three terminals and con- 
nected at a side of the housing, one of the three terminal being connected to the electrode and the other two of 
the three terminals being connected to the fingerswitches, the first and second current levels being available at 
the same connector terminal. 

35 10. A handpiece according to claim 8, further comprising an electrode fixed to the handpiece, the electrode being 
associated with the selected operating mode. 

11. A handpiece according to claim 8, further comprising a non-volatile read/write memory in the handpiece, said 
memory storing data items representing operating modes of the electrosurgical apparatus. 

40 

12. A handpiece according to claim 8 for connection to electrosurgical apparatus for providing one of cutting mode or 
coagulation mode electrosurgical currents from the electrosurgical apparatus to the electrode, the electrode being 
adapted for use in a specific electrosurgical procedure, the control current representing for the electrosurgical 
apparatus operating mode information associated with the specific procedure and usable by the electrosurgical 

45 apparatus to select an operating mode specific to the procedure. 

13. A handpiece for an electrosurgical instrument comprising: 

(a) a handpiece section having at one end a mounting portion configured to removably engage for mounting 
so and for electrically connecting to a complementary part of a cable-connector section, 

(b) an electrode permanently connected to the opposite end of the handpiece section, 

(c) a cable-connector section for connection to the instrument, the cable-connector section having at one end 
a receiving portion for removably receiving the mounting portion of the handpiece section. 

55 14. A handpiece for an electrosurgical instrument as claimed in claim 1 3, wherein the cable-connector section further 
comprises a cable and a connector for connecting to the instrument. 

15. A handpiece for an electrosurgical instrument as claimed in claim 13, wherein the cable-connector section com- 
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